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Abstract

In any natural system, environmental and geomorphic
responses are more extreme and frequent when caused or
affected by human activities. Karst aquifers differ from
other aquifer types in that they are composed of complex
matrix, fracture, and conduit porosities. As valuable resources for societies and ecosystems, karst aquifers are
highly vulnerable to pollution and must be well studied
for proper protection.
This study combines ongoing monitoring data with hydrochemistry data from sampling sites within the Honeycut Hollow Creek Watershed, Blanco County, Texas.
Flow measurements revealed that the discharge of Honeycut Creek Spring does not respond to local precipitation. The wettest September in 2018 in recorded history
in southcentral Texas resulted in minimum discharge,
which is one order of magnitude lower than the discharge
recorded from April 2017. During low flow conditions,
the salinity of spring water is higher with elevated levels
of nitrate and higher concentrations of other ions, especially sulfate.
There has been little variation for water isotopes of Honeycut Creek Spring during 2017–2019, which may demonstrate relatively long residence time of groundwater
and a deep flow path. This could also explain why the
discharge of Honeycut Spring does not respond to lo-

cal precipitation. The deuterium excess values of these
spring water samples are close to 10‰, which may indicate little evaporation during precipitation and groundwater movement.
These investigations aim to reveal the relationship between water quality of springs and local geoenvironmental conditions, evaluate the impact of long-term climate
variations and wet and dry conditions on water quality, identify possible sources of nitrate among sampling
sites, and ultimately generate a baseline model for a better understanding on how the karst aquifer responds to
recharge events and potential contamination.

Introduction

The Pedernales River contributes 23% of the annual inflow to Lake Travis, which supplies the city of Austin
and many municipalities along the Colorado River as
the sole source of drinking water (Wierman et al., 2017).
Coupled with reports projecting a population growth in
Travis County from 1 million in 2010 to 1.6 million by
2050 and Austin as the fastest growing city in the United
States from 2011 to 2016 (U.S. Census Bureau, 2019),
the importance of understanding limited water recourses
is paramount to sustainable management. As such, understanding the watersheds that contribute to the Pedernales River Basin is also of importance. Honeycut Hollow Creek is a 1,240-acre watershed draining from the
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south to the north directly into the Pedernales River. The
river and small streams play critical roles in the ecology
of the area as well. The central Texas ecosystem has 81
plant and 67 animal species rated “very rare” or “critically imperiled”. The ecosystem is ranked in the top ten
nationwide for bird and reptile diversity. Of the 29 different plant communities two are found nowhere else
(Powell et al., 2018). Additionally, Central Texas is an
important North American stopover for migratory birds
(Shackelford, 2005).
Within this watershed rests the 977-acre C.L. Browning Ranch (Figure 1). While initially a cattle and sheep
ranch, as well as scattered orchards, it was converted in
2001 to a research ranch to be operated as a model of
land stewardship and environmental preservation practices. All livestock grazing and agricultural growth have
been ceased. Studies at CL Browning Ranch have been
combining ongoing monitoring data (precipitation, water
temperature, spring discharge, and specific conductance)
with hydrochemistry data (pH, water isotopes, anions,
cations, and trace metals) of four sampling sites including a spring, creek, and two tributaries within the Honeycut Hollow Creek watershed. The objectives of these
studies are to (1) investigate the water quality of groundwater and surface water; (2) evaluate the impact of longterm climate variations and extreme weather conditions
on water quality; (3) identify possible sources of nitrate
among the four sampling sites. The ultimate goal of this
research is to create a baseline model for a better understanding of how the aquifer responds to recharge events
and potential contamination.

Hydrologic Setting

The Browning Ranch lies within a locality with several
features of importance bearing the name “Honeycut”,
which is in part due to an 1836 land grant to James Roland Hunnicutt. The misnomer “Honeycut” is due to
misspellings on subsequent surveys (Knott and Chusid,
2003). This title has been given to the formation, creek,
and spring that reside within the ranch. These creeks in
the ranch serve a drainage basin locally known as the
1,240-acre Honeycut Hollow watershed, which is part of
the larger Pedernales River Basin.
Eleven springs are found in the C.L. Browning Ranch.
Honeycut Spring is the largest and has never been known
to run dry, even during periods of drought. Additionally,
Honeycut Spring discharges from a lower formation than
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Figure 1. Map of the Pedernales River Basin
within the Texas Hill Country. The Browning
Ranch, southwest of Johnson City, rests within
the Honeycut Hollow Creek watershed just
south of the Pedernales River.
other springs in the ranch, residing in the Cow Creek
Limestone. Honeycut Creek flows across the Honeycut Spring Location, running south to north, which traverses through the Glen Rose Limestone, Hensell Sand,
and Cow Creek Limestone formations. Four ephemeral
creeks feed the Honeycut Creek: Turkey Creek, Red Tail
Creek, Rock Creek, and Walnut Creek.
The Glen Rose Limestone caps the elevated area of the
ranch, with a six-to-nine-foot layer of Hensell Sand Formation underneath. The Honeycut Creek flows through
the ranch, creating a subtle valley that cuts through the
Hensell Sand Formation to expose the Cow Creek Limestone to the north. The Glen Rose Limestone, Hensell
Sand Formation, and Cow Creek Limestone all fall
within the Trinity Aquifer (Barnes, 1986). This erosion continues into the Marble Falls Limestone of the
Marble Falls Aquifer, exposing a small confining bed of
Mississippian and Devonian rocks, and finally into the
Honeycut Formation. This final formation lies within the
karstic Ellenburger – San Saba aquifer (TWDB 1990a
and 1990b) (Figure 2).
The local formations yield very small to moderate quantities of fresh to slightly saline wells in most of the county, while the Honeycut Formation’s presence of dolomite
may contribute to higher levels of magnesium. Larger
saline yields within the Glen Rose Limestone may be
from the massive basal limestone, which contains solution channels carrying large quantities of water (Follett,
1974). Within the Trinity Aquifer region, the Hensell

The Piper diagram is an effective graphic representation
of water chemistry to display dissolved constituents in
water. Relative concentrations of anions and cations for
these water samples are shown in the Piper diagram (Figure 4). For cations, the dominant ions are Ca2+ and Mg2+.
While for anions, the dominant ion is HCO3–. However,
there is a trend towards SO42– during heavy precipitation
events (Figure 4).

Discussion

Figure 2. C.L. Browning Ranch and the
prominent formations within its boundaries
including four sampling sites. In addition to
the sites at the Honeycut Creek (green) and
Honeycut Spring (blue), there are two tributary
sampling sites: Tributary 1 (yellow) within Turkey
Creek and Tributary 2 (red) within Rock Creek.
Sand is comprised of weakly cemented clay, quartz, and
calcareous sand (Inden, 1974).
The broad upland area to the south contributes and directs
flow from the Glen Rose, underlain by the Hensell, downward and laterally towards the Honeycut Creek and finally
into the Pedernales River. This recharge would include
rainwater infiltration along the Turkey, Red Tail, Rock,
and Walnut creeks with a small amount of water infiltrating through the soil, subsoil, and bedrock of the uplands.

Major ions were measured for the Honeycut Spring, the
Honeycut Creek in the upstream of the spring, and the
two tributaries further upstream from the spring. The
ions include fluoride, chloride, nitrite, bromide, nitrate,
phosphate, sulfate, lithium, sodium, ammonium, potassium, magnesium, calcium, strontium, and barium.
With no recent livestock or agriculture use, contaminant levels are expected to be low, with trace constituents linked most likely to vegetation recovery and
abundance of wildlife in the ranch or from geological
formations. Within each sampling site, major ions were
compared at individual levels in comparison to water
quality standards.

Geochemistry and Isotope Data

Groundwater flows through geological materials when
moving from recharge to discharge areas. Along this flow
path, dissolution, precipitation, and ion-exchange processes occur. Ionic concentrations depend on the composition
of the precipitation, geological structure and mineralogy
of aquifer formations and contact time with aquifer host
rocks (Andre et al., 2005). As such, hydrogeochemical
compositions of groundwater can be useful in understanding the origin and history of groundwater flow.
Water isotope values (Figure 3) are nearly constant, with
no response to precipitation. This is most likely due to
long underground residence times while mixing within
established reservoirs. The deuterium excess values of
the spring and creek water samples are close to 10‰,
which may indicate little evaporation during precipitation and groundwater movement.

Figure 3. Isotope values for four sampling sites
spanning March 2017 to October 2019.

Figure 4. Piper diagram for the four sampling
sites; April 2017 to February 2019.
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Utilizing water quality regulations all tested ions were
compared against maximum contaminant level goal
(MCLG), maximum contaminant level (MCL), and secondary maximum contaminant levels (SMCL). While
fluoride, chloride, and nitrate were all present within the
sampling sites, levels did not meet or surpass water quality regulations (Table 1).
Peak level of sulfate within the Honeycut Spring were
present from June 2018 to October 2018, with a maximum of 436.68 mg/L, which is over the SMCL of
250 mg/L. While this time does correspond with high
precipitation, sulfate concentrations did not rise significantly during other comparable precipitation events. A
single peak level of barium was observed at Honeycut
Spring in March 2019, with all other sampling times
showing non-detectable barium levels. Water quality regulations enforce MCLG of 2 mg/L for barium
in drinking water. SMCL total dissolved solid (TDS)
of 500 mg/L is recommended for drinking water. Two
samples from the Honeycut Spring during April 2017,
523 mg/L, and September 2018, 707 mg/L surpasses the
SMCL. These high TDS levels occurred during a month
of low and high precipitation, respectively (Table 2).
Calcium and Magnesium are dominant cations in most
groundwater and contribute to water “hardness” (Gurdak
et al., 2002). Nitrate and sulfate follow closely to TDS
levels across all sampling sites (Figure 5).

Precipitation and Discharge Levels

TDS responds to precipitation events, with some lag
time. The discharge of Honeycut Spring reached its
minimum level in September 2018, corresponding to the

Table 1. Average, maximum, and minimum
observed levels of fluoride, chloride, nitrite,
nitrate, and sulfate of the four sampling
sites against national primary drinking water
regulations (U.S. EPA, 2009). Concentrations
below the detection limit are listed “na”.
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Table 2. Average, maximum, and minimum
observed levels of barium, calcium,
magnesium, and TDS against national primary
drinking water regulations (U.S. EPA, 2009).
Concentrations below the detection limit are
listed “na”.
maximum of TDS - 707 mg/L. However, During May
2019, a month of high precipitation, TDS levels did not
rise significantly until August 2019 during a monthly of
low precipitation low (Figure 6).
Discharge does not have a fast response to precipitation,
though a long period of “lag” could be present for Honeycut Creek.
Peaks of discharge are present during low levels of precipitation, and periods of greatest magnitude between
discharge and precipitation are not consistent (Figure 7).

Conclusions

Honeycut Hollow Creek and tributaries are Ca-MgHCO3– types, while the Honeycut Hollow Spring is
Ca-Mg-HCO3– type and shifts to Ca-Mg-SO42– type in
response to increased precipitation. This shift may be
caused by the dissolution of gypsum layers in the lower
Glen Rose formation. Water isotope values are nearly
constant with no response to precipitation due to long
underground residence time while mixing within established reservoirs.
The discharges of Honeycut Hollow Creek and Honeycut Hollow Spring do not respond to local precipitation. Minimal flow was observed during the wettest
periods of the year. Spring sulfate levels increased
after intense precipitation events which are likely
caused by interaction with gypsum beds or gypsiferous limestone.

Figure 5. Concentrations of nitrate and sulfate of sampling sites in comparison to TDS from April
2018 to September 2019.

Figure 6. Precipitation levels (blue) against TDS for Honeycut Spring (red line) over the period of
March 2018 to October 2019.

Figure 7. Precipitation levels (blue) against discharge of Honeycut Spring (green) and Honeycut
Creek (purple) over the period of October 2018 to September 2019.
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